Background/Aims: Abnormal expression of HGF is found in various cancers and correlates with tumor proliferation, metastasis and angiogenesis. However, the regulatory mechanism of the HGF-VEGF axis remains unclear. Methods: The expression characteristic of HGF in human gastric cancer tissues was shown by an immunohistochemistry assay, and the expression levels of target protein were detected by Western blot. The relative levels of miR-26a/b and target mRNA were examined by qRT-PCR. We used bioinformatics tools to search for miRNAs that can potentially target HGF. A luciferase assay was used to confirm direct targeting. Furthermore, the functions of miR-26a/b and HGF were evaluated by cell proliferation and migration assays in vitro and by the mouse xenograft tumor model in vivo. Results: We found that the HGF protein was clearly increased while miR-26a/b were dramatically down-regulated in gastric cancer. miR-26a/b directly bind to the 3'-UTR of HGF mRNA at specific targeting sites. We demonstrated that the repression of the HGF-VEGF pathway by miR-26a/b overexpression suppressed gastric cancer cell proliferation and migration. Furthermore, miR-26a/b also showed an anti-tumor effect in the xenograft mouse model by suppressing tumor growth and angiogenesis. Conclusions: miR-26a/b could suppress tumor tumorigenesis and angiogenesis by targeting the HGF-VEGF axis and could serve as a potential treatment modality for targeted therapy in the clinical treatment of gastric cancer.
miR-26a/b Inhibit Tumor Growth and Angiogenesis by Targeting the HGF-VEGF Axis in Gastric Carcinoma

Introduction
Gastric cancer (GC) ranks fifth for cancer incidence and second for cancer deaths. Approximately, 42.6% of all new cases originate in China [1] . GC is the leading cause of cancer-related mortality across the world, with a median overall survival of ≤12 months for advanced stage GC [2] . The properties of high malignancy and early metastasis in GC should never be neglected; they are the significant reasons for the poor prognosis of GC. In addition, 70% of GC patients are first diagnosed at late stages with locally advanced or metastatic disease, which precludes the opportunity for surgical resection [3] . Despite progress in the treatment of GC, the effects of conventional therapies for GC, including chemotherapy and radiation, on prolonging survival are limited. Meanwhile, several molecular biomarkers, such as CEA, CA72-4 and CA19-9, have been used in clinical practice; however, none of these markers is highly specific for GC [4] . In recent years, along with studies of the tumor cell signal pathways, targeted medicine has become a promising strategy for the treatment of GC. Hence, studies on the novel pathways of GC tumorigenesis provide potential candidates to improve the prognosis of GC.
Hepatocyte growth factor (HGF) is a well-known peptide that performs various biological activities via the c-Met receptor. C-Met is a key member of the receptor tyrosine kinases (RTK) super-family and is expressed on normal hepatocytes, gastric epithelium; etc. [5] . The HGF/c-Met pathway contributes to normal embryo formation and tissue regeneration in physiological conditions. In pathological circumstances, HGF can promote the proliferation, migration, and metastasis of tumor cells via paracrine and autocrine effects [6] . The tyrosine phosphorylation of c-Met can elicit the activation of AKT, MAPK, and RAP1 in cancer cells, which are essential for cell cycle progression [7, 8] . For the inhibition of HGF/c-Met activation in cancer patients, various c-Met antagonist and c-Met kinase inhibitors are now in clinical trials [8] . High expression of HGF/c-Met has been confirmed in GC tissues. Wu CW et al. concluded that a high positive rate of HGF (87.0%) and HGF/cMet receptors (82.6%) was present in intestinal-type GC [9] , indicating that the inhibition of HGF/c-Met plays a significant role in treating GC [2, 10, 11] . HGF also plays a prominent role in inducing vascular endothelial growth factor (VEGF) expression [12, 13] . VEGF is a key factor involved in tumor vascularization. As is showed in Fig. 2F , several studies have found that HGF/c-Met signaling turns on the angiogenic switch by targeting MAPK, PIK3 and Stat3 to up-regulate VEGF expression in tumor cells [14, 15] . Thus, HGF/c-Met signaling operates as a key switch by turning on VEGF to invoke angiogenesis in cancer cells. Although the roles of HGF and VEGF have been discovered, the mechanisms underlying the up-regulation of HGF expression, especially in the tumorigenesis of GC, remain largely unknown. microRNAs (miRNAs) are a class of small noncoding RNAs (~22 bp) that are believed to regulate gene expression by directly binding with the 3'UTR of target mRNAs, causing translational inhibition or mRNA degradation [16] . Some miRNAs are closely related to the tumor formation [17] [18] [19] . They play the role of oncogenes or tumor suppressor genes by regulating the transcription and translation of downstream target genes. The miR-26 family, including miR-26a-1, miR-26a-2 and miR-26b, is widely expressed in many tissues. These 3 subtypes are located in chromosomes 3, 12 and 2, respectively [20] . Recent studies have found that miR-26a/b are tumor suppressor genes in GC [21, 22] . However, latent mechanisms require further exploration to clarify the functions of miR-26a/b in GC tumorigenesis.
In this study, we determined that miR-26a/b were down-regulated; while HGF expression was significantly enhanced in GC tissues. The luciferase assay showed that HGF was a direct target of miR-26a/b. Overexpression of miR-26a/b in GC cells led to the inhibition of HGF and VEGF, thus inhibiting cell proliferation, migration and angiogenesis. The in vivo experiments demonstrated that the high level of miR-26a/b clearly inhibited tumor growth, while overexpression of HGF strongly accelerated tumor growth. Our results suggested that miR-26a and miR-26b were tumor suppressors by targeting HGF in GC. Therefore, a novel pathway comprising miR-26a/b, HGF and VEGF in GC may become a potential target for future clinical use.
Human tissue
Human gastric cancer tissues and paired adjacent noncancerous tissues (16 pairs, total 32 samples) were derived from patients undergoing a surgical procedure at the Tianjin Medical University Cancer Institute and Hospital (Tianjin, China). Among those patients, there were 9 men and 7 women. The average age was 64 (range from 43-79). The clinicopathological features and type of adenocarcinoma (intestinal, diffuse or mixed) of patients were listed in the Table 1 . Both tumor tissues and noncancerous tissues were histologically confirmed. The pathological type of each cancer was determined to be adenocarcinoma. The study was conducted with the approval of the Ethics Committee of Tianjin Medical University Cancer Institute and Hospital and informed consent was obtained before surgery. Tissue fragments were immediately frozen in liquid nitrogen at the time of surgery and stored at −80°C.
Cell culture
Human gastric cell line MGC-803 and SGC-7901 were purchased from the Shanghai Institute of Cell Biology of the Chinese Academy of Sciences (Shanghai, China). MGC-803 and SGC-7901 cells were cultured in DMEM (Gibco, USA), supplemented with 10 % fetal bovine serum (FBS, Gibco, USA) and 1 % penicillin/ streptomycin (Solarbio, China) in a humidified incubator at 37°C with 5% CO 2 . Cells were grown in culture dishes. Total RNA was extracted from the cultured cells and tissues using TRIzol Reagent (Invitrogen, USA) following as the manufacturer's protocol. MiRNA was quantitated using Taqman microRNA probes (Applied Biosystems, Foster City, CA). RT-PCR used CFX96 (Bio-Rad) as follows: 95 °C for 30 s, 40 cycles of 95 °C for 5 s, and 60 °C for 30 s. After the reactions were completed, the cycle threshold (CT) data were determined using fixed threshold settings, and the mean CT was calculated from triplicate PCRs. A comparative CT method was used to compare each condition to the control reactions. U6 snRNA was used as an internal control of miRNAs, the HGF and VEGF mRNA levels were normalized to the corresponding housekeeping gene GAPDH. The relative amount of gene normalized to control was calculated with the equation2 −ΔCT , in which ΔCT = CT gene -CT control . All of the reactions were performed in triplicate. Primers of HGF, VEGF and GAPDH were designed as follows:
RNA isolation and quantitative RT-PCR
5′-AGAAGGCTGGGGCTCATTTG-3′ (GAPDH, sense); 5′-AGGGGCCATCCACAGTCTTC-3′ (GAPDH, anti-sense); 5′-ACCCTGGTGTTTCACAAGCA-3′ (HGF, sense); 5′-GCAAGAATTTGTGCCGGTGT-3′ (HGF, antisense); 5′-ATCTTCAAGCCATCCTGTGTGC-3′ (VEGFa, sense); 5′-GCTCACCGCCTCGGCTTGT-3′ (VEGFa, anti-sense).
Cell transfection
MiR-26a/b mimic and inhibitor were purchased from RiboBio with corresponding controls (RiboBio, China). MGC-803 and SGC-7901 cells were plated in six-well or other plates and transfected using lipofectamine 2000 (Invitrogen, Life Technologies) and Opti-MEM Reduced Serum Medium (Gibco, Life Technologies) 24h later according to the manufacturer's instructions. For miRNA over-expression and down-regulation, 100 pmol miR-26a/b mimics, inhibitors and negative control were used.
The HGF overexpressing and scilencing lentivirus and the control lentivirus were bought from Santa cruz (sc-404011-LAC, sc-39554-V). For HGF overexpressing, 10 6 lentivirus were added into every single well with DMEM medium, and polybrene in a MOI of 10 just as manufacturer's instructions. For HGF silencing, stable knock down of HGF was performed using short hairpin RNA (shRNA) lentiviral constructs. The lentiviral shRNA was added to cultured cells for 24 hours, and cells were selected by puromycin (1.0μg/ mL) for 10-14 days. Knockdown and augment of HGF was verified by Western blot assay. Control cells were infected with non-sense control shRNA lentiviral particles (Santa Cruz Biotech).
Luciferase assay
The reporter plasmid p-MIR-HGF containing the predicted miR-26a/b targeting regions was designed by Genescript (Nanjing, China). Part of the wild type and mutated 3'-UTR of HGF was cloned immediately downstream of the firefly luciferase reporter. The 2 mg of β-galactosidase expression vector (Ambion) was used as a transfection control. For the subsequent luciferase reporter assays, 2 mg of firefly luciferase reporter plasmid, 2 mg of β-galactosidase vector, and equal doses (200 pmol) of mimics, inhibitors, or scrambled negative control RNA were transfected into the prepared cells. At 24 h after transfection, cells were analyzed using the Dual Luciferase Assay Kit (Promega) according to the manufacturer's instructions. Each sample was prepared in triplicate and the entire experiment was repeated three times.
Western blotting
The HGF and VEGF expression was assessed by western blotting analysis, and samples were normalized to GADPH. MGC-803 and SGC-7901 cells were plated in six-well and cultured in DMEM with 10 % FBS for 24 h. After transfection for 48 h, about 50 μg of protein was extracted from the cultured cells that were solubilized in lysis buffer. The proteins were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and then transferred to polyvinylidene difluoride membranes (Roche). The membranes were blocked within 2 % bovine serum albumin (BSA) at room temperature for 1 h and incubated overnight at 4 °C with primary anti-HGF(1:500, Santa Cruz), anti-VEGF(1:200, Santa Cruz) and anti-GADPH (1:1000, Santa Cruz), respectively. The membranes subsequently washed and incubated with appropriate secondary anti-mouse/rabbit IgG (1:2000, Santa Cruz). After incubated with ECL, the protein bands were visualized.
Cell proliferation assay
The proliferative ability of MGC-803 and SGC-7901 cells after different transfection was determined by the EdU proliferation assay (RiboBio Inc.). Cells seeded in 24-well plates for 24 h. Twenty-four hours after transfection, cells were incubated with 50 μM EdU for 5 h and fixed within 4 % paraformaldehyde for 30 min at room temperature(RT).Then the cells were washed in PBS twice and permeabilized using PBS containing 0.5 % Triton X-100 for 10 min. After extensive washes in PBS, the cells were incubated lucifugally in Apollo staining solution (RiboBio Inc.) for 30 min, then repeated permeation and wash, and incubated in Hoechst 33342 (1:100; RiboBio Inc.) for another 30 min at RT. All of the staining was performed in triplicate.
Cell migration assay
The migration ability of MGC-803 and SGC-7901 cells after different transfection was measured by transwell assay. Twenty-four-well Boyden chambers with 8-μm pore size polycarbonate membrane (Corning, NY) was used. After transfection, cells were transferred into the upper chamber of the transwell with 200μl serum-free growth medium (10 5 cells per well). Complete medium containing 10 % FBS was added to the lower chamber as a chemo-attractant. After 24 h of incubation at 37 °C, non-migratory cells on the upper surface of upper chamber were removed slightly by cotton swabs and cells that migrated to the bottom of the membrane were fixed and stained. The number of invaded cells was counted under light microscope. To minimize the bias, five randomly selected fields with×200magnification were counted and then the average number was calculated. All experiments were performed in triplicate.
Wound scratch assay
The migration ability of MGC-803 and SGC-7901 cells was measured by wound-healing assay. Briefly, cells were seeded in six-well plates after different transfection. On the following day, when the cells were approximately ≥90%, each well was scraped with a 20μl pipette tip to create 2 linear regions devoid of cells. Subsequently, the cells in each well were cultured with DMEM medium (Gibco, USA) containing 2% fetal bovine serum (Gibco, USA) in a humidified incubator. We monitored wound closure at 0 h, 12 h, 18 h, and 24 h after scraping. Five random non-overlapping images of each well were selected and quantitated for statistical analysis. All experiments were performed in triplicate.
Immunohistochemistry assay
Paraffin-embedded specimens of gastric cancer and the paired noncancerous tissues (16 pairs, total 32 samples) were sectioned and stained with an anti-HGF monoclonal antibody (sc-400, Santa Cruz Biotechnology) at a 1:50 dilution. The DAB system (Zhong shan jin qiao, China) was used to identify the positive staining. Five random fields were selected for each specimen.
The tumors from nude mice were fixed in 4% paraformaldehyde, embedded in paraffin, sectioned, and then stained with DBE-conjugated anti-CD31 (Abcam). The fluorescence intensity was quantified from at least five sections.
Establishment of tumor xenograft in nude mice
MGC-803 cells treated with control lentivirus or miR-26a/b overexpressing lentivirus or HGF overexpressing lentivirus were injected subcutaneously into nude mice (1 × 10 7 cells for one mouse). Mice were sacrificed after 4 weeks, and the weight and diameter of tumors were recorded.
The miRNA target prediction
The miRNA target prediction and analysis were performed with the algorithms from TargetScan (http://www.targetscan.org/) PicTar (http://pictar.mdc-berlin.de/) and miRanda (http://www.microrna. org/).
Statistical analyses
All statistical analyses were performed using IBM SPSS Statistics, version 22.0. All data were representative of at least three independent experiments. All the data were compared between two independent groups and analyzed by using the Student's test. Data were described with median values ± SD. Differences were considered statistically significant for P < 0.05. In this study, "*" indicates "p< 0.05", "**" indicates "p < 0.01", and "***" indicates "p < 0.001".
Results
HGF protein levels but not mRNA levels are up-regulated in GC tissues
We first determined the expression characteristic of HGF in human GC tissues. HGF was detected using immunohistochemical (IHC) assays in 16 pairs of formalin-fixed, paraffinembedded sections of tissue specimens (total 32 samples). The results showed that HGF was primarily expressed in cancer tissues compared with corresponding noncancerous tissues and exhibited a cytoplasmic distribution (Fig. 1A) . After measuring the protein levels of HGF in 16 pairs, we found that HGF protein levels were dramatically higher in GC tissues (Fig. 1B  and 1C ). Although HGF protein was consistently up-regulated in GC, HGF mRNA levels did not differ significantly between cancer and noncancerous tissues (Fig. 1D) . This disparity between protein and mRNA strongly suggests that a post transcriptional mechanism is involved in HGF regulation.
miR-26a/b are down-regulated in the serum and tissues of GC patients and act as a potential regulator of HGF
The miRNA-mediated specific mRNA cleavage or translational repression is one of the most important post-transcriptional regulatory mechanisms. In our study, we identified, using bioinformatics tools, that miR-26a/b directly binds to a region in the 3'UTR of HGF mRNA. The binding site in a forward position is highly conserved and is stably expressed among different species (Fig. 1E) . As is shown in Fig. 2A , miR-26a/b could bind with HGF mRNA by complementary base pairing at this target region. To validate the actual relationship between miR-26a/b and HGF in GC, we explored the level of miR-26a/b in 16 pairs of GC tissues and corresponding noncancerous tissues. As a result, miR-26a/b showed an obvious decrease in tumor tissues (Fig. 1G) . In addition, we also evaluated the expression level of miR-26a/b in the serum of GC patients and found that it was similar to that in the tissues (Fig. 1F) . Therefore, the levels of miR-26a/b and HGF showed an inverse correlation in GC. miR-26a/b are most likely important regulators of HGF in GC cells.
HGF is validated as a direct target of miR-26a/b and correlates with the expression of VEGF
Based the prediction by the bioinformatics tools, a luciferase assay was performed to evaluate the direct interaction between miR-26a/b and HGF. The relative luciferase activity was clearly inhibited when miR-26a/b mimics were co-transfected with luciferase reporters containing the predicted binding region of the wild-type 3'UTR of HGF. However, the interaction was lost when a plasmid with a mutated sequence was used instead. Furthermore, the co-transfection of miR-26a/b inhibitors and the plasmid with the wild HGF 3'UTR resulted in a relative increase in the luciferase signal (Fig. 2B) .
The same biological effect of miR-26a/b on HGF was evaluated in MGC-803 and SGC-7901 cell lines. The expression of HGF was detected using Western blot. Relative levels (Fig. 2E) . Previous studies have found that HGF plays a significant role in tumor angiogenesis and induces VEGF expression in tumor cells [12] [13] [14] [15] . A sketch map about HGF and its relationship with VEGF pathway is summarized in Fig. 2F . In our study, we determined with Western blot and qRT-PCR that the expression of VEGF exhibits the same trend as HGF when miR-26a/b was overexpressed or inhibited. (Fig. 2C and 2D ).
In conclusion, these results demonstrated that miR-26a/b regulated HGF by directly binding a specific region on the 3'-UTR of HGF. Meanwhile, HGF enhances the expression of VEGF as previously reported.
miR-26a/b inhibits the proliferation and migration of MGC-803 cells
We next examined the biological effects of miR-26a/b on GC cells. The effect of miR26a/b on the proliferation of MGC-803 cells was detected in vitro by the EdU proliferation assay (Fig. 3D and 3E ). As expected, the proliferation rate in MGC-803 cells transfected with miR-26a/b mimics was significantly decreased compared with the NC mimics group. Meanwhile, the proliferation rate in MGC-803 cells transfected with miR-26a/b inhibitors showed a sharp increase compared to the NC inhibitor group. All of these data showed that miR-26a/b could inhibit the proliferation of MGC-803 cells line.
To determine whether miR-26a/b affected cell migration, a wound healing assay (Fig.  3A) and a Transwell assay (Fig. 3B and 3C ) were performed after transfection with miR26a/b mimics, inhibitors or miRNA NC in the MGC-803 cell line. Both the wound healing assay and the Transwell assay demonstrated that MGC-803 cells transfected with miR-26a/b mimics showed a lower migration ratio. In contrast, cell migration was strongly enhanced when cells were transfected with miR-26a/b inhibitors.
miR-26a/b inhibits the proliferation and migration of SGC-7901 cells
We examined the biological effects of miR-26a/b on the other GC cell line SGC-7901. As with the MGC-803 cells, the effect of miR-26a/b on the proliferation of SGC-7901 cells was detected in vitro by the EdU proliferation assay (Fig. 4D and 4E) , and the effect on cell migration was evaluated by the wound healing assay (Fig. 4A ) and the Transwell assay ( Fig.  4B and 4C) . The results showed that the proliferation and migration rates in SGC-7901 cells transfected with miR-26a/b mimics were significantly decreased compared with the control group. On the contrary, the proliferation and migration rates of SGC-7901 cells transfected with miR-26a/b inhibitors were obviously enhanced compared to control.
The results in Fig. 3 and Fig. 4 show that miR-26a/b are tumor suppressive miRNAs in GC lines that could suppress proliferation and migration. In other words, they play a vital role in the tumorigenesis of GC cells. 
Effects of HGF overexpression and silencing on the proliferation and migration of GC cells
To further explore HGF-regulated cell proliferation and migration in GC cells, a lentiviral shRNA strategy was used to knock-down HGF in MGC-803 cells, and lentiviruses expressing the ORF of HGF were designed to overexpress HGF. The reletalive abundance of HGF was significantly reduced in MGC-803 cells transfected with shRNA and was augmented by the overexpression virus as evidenced by Western blotting and qRT-PCR (Fig. 5A and 5C ). The level of HGF mRNA was consistent with the protein content (Fig. 5B) . At the same time, the overexpression and silencing of the HGF caused synchronous changes in VEGF (Fig. 5D) . From our experimental data, we confirmed that HGF overexpression stimulated an increase in VEGF expression.
Subsequently, the function of HGF was also measured. The EdU proliferation assay and the Transwell assay indicated that MGC-803 cells transfected with HGF shRNA had a significantly lower rate of proliferation and exhibited decreased migration compared to the control group, whereas HGF overexpression could promote proliferation (Fig. 5G and  5H) . Furthermore, the up-regulation of HGF could significantly increase cell migration significantly ( Fig. 5E and 5F ).
Therefore, HGF acts as a cancer promoter in GC. The dramatic up-regulation of HGF contributes to a faster rate of proliferation and a stronger migration ability in cancer cells. In addition, HGF plays an important role by cooperating with VEGF in angiogenesis. 
The miR-26a/b-HGF-VEGF pathway regulates tumor growth and angiogenesis in vivo
In vitro, we confirmed that the miR-26a/b-HGF-VEGF pathway at a cellular level. Then, we assessed the effects of miR-26a/b and HGF in tumor growth using a mouse implanted tumor model. MGC-803 cells were transfected with lentivirus particles to overexpress miR26a/b or HGF, and the cells were injected subcutaneously into the armpit of nude mice. As is displayed in Fig. 6A and 6B, overexpression of miR-26a/b obviously decreased the tumor size and weight, while the overexpression of HGF strongly boosted tumor growth. The levels of miR-26a/b and HGF were detected in the excised tumors. Our results indicated that miR26a/b were obviously elevated in the miR-26a/b-overexpression group, and HGF increased by nearly 4-fold in the HGF-overexpression group compared with the control group (Fig.  6C,6D and 6E ). When miR-26a/b were overexpressed, HGF expression was much lower than that in the control group, which was in accordance with the results from the in vitro experiments (Fig. 6C, 6D and 6F) . It is worth noting that the expression level of VEGF in the HGF-overexpression group was also distinctly raised (Fig. 6C, 6D and 6F ). To further confirm that the miR-26a/b-HGF pathway up-regulates the expression of VEGF to promote angiogenesis, tumor angiogenesis was evaluated by IHC using CD31 as a vascular marker. The results showed that the relative vessel density was lower in the miR-26a/b-overexpression group than that in the control group; meanwhile, the relative vessel density in the HGFoverexpression group was much higher compared with the control group. (Fig. 6G) .
These results from in vivo experiments further demonstrated that miR-26a/b act as suppression miRNAs by inhibiting HGF expression in GC. HGF promotes angiogenesis by targeting VEGF. 
Discussion
Currently, chemotherapy and radiation are the main therapeutic methods for GC, which often leads to nonspecific mass cell death and side effects [23, 24] . A better comprehension of cancer, especially the molecular mechanisms that regulate tumor growth, provides novel drug targets for future clinical use. Mounting evidence has indicated that miRNAs functionally serve as oncogenes or tumor-suppressor genes and regulate multiple cellular processes that are relevant to tumorigenesis and cancer progression [25, 26] . However, there are controversies about the roles of miR-26a/b in human malignancies. Many studies have shown that miR-26a/b serve as potential tumor suppressors. For example, miR-26a was decreased in hepatocellular carcinoma and could suppress tumor angiogenesis through HGF/c-Met signaling [27] . Breast cancer also exhibited decreased expression of miR-26a, and the overexpression of this miRNA resulted in the inhibition of tumor growth and metastasis [28] . While other studies have indicated that it exhibited oncogenic properties in glioma, lung cancer, and cholangiocarcinoma [29, 30] , the real reason for the dual effects of miR-26a/b is not yet clear, which might be in part due to organ-specific actions and the different cellular contexts of tumors. In this study, we focused on the characteristics of miR-26a/b in GC, which was based on the results of our group that previously showed that miR-26a/b were down-regulated in the serum of GC patients [31] . In the present study, we determined that the level of miR-26a/b expression was significantly lower in GC tissue and serum than in adjacent non-carcinoma tissue and normal serum. Using in vitro and in vivo assays, we identified the tumor suppressor function of miR-26a/b in GC. By overexpressing Various studies have shown that PTEN, EZH2, SMAD1, CDK6, and cyclin E1 [32] are potential downstream target genes of miR-26a/b. In this study, we identified HGF as a novel and direct target of miR-26a/b. It is well known that HGF/c-Met plays an important role in most human solid tumors, and the inappropriate expression of this ligand-receptor pair is often associated with poor prognosis in GC [33, 34] . The molecular basis for the malignant potential of the HGF/c-Met signal is mostly attributed to its mitogenic and invasive properties. In our study, we first confirmed that HGF was a direct target of miR-26a/b in GC. We determined whether miR-26a/b suppresses MGC-803 and SGC-7901 cell proliferation and migration by targeting HGF, and found that the overexpression of miR-26a/b led to the suppression of HGF protein. Moreover, there was an inverse correlation between miR-26a/b expression and HGF expression in GC tissues. These results suggest that miR-26a/b inhibit GC proliferation and migration partly by targeting HGF. In addition, HGF also induces angiogenesis, which is an essential component of tumor development. VEGF is a potent agonist of angiogenesis that activates both endothelial cell proliferation and migration. The present study provides insight into the mechanisms by which HGF induces tumor angiogenesis, which not only directly induces proliferation and migration in endothelial cells but also triggers angiogenic switching in tumor cells, by activating the expression of VEGF [35] . From our results, we verified that the expression of VEGF has the same trend as HGF when overexpressing or inhibiting miR-26a/b in vitro and in vivo. In summary, miR-26a/b serve as an up-stream gene that targets the HGF-VEGF signaling pathway to promote proliferation, migration and angiogenesis in GC.
In addition, the low early diagnosis rate of GC is one of the main reasons for poor prognosis; therefore, novel biomarkers for the early detection of GC are urgently needed to reduce disease morbidity and mortality. Several studies have found that miRNAs are a promising biomarker for early diagnosis and for predicting survival in GC patients, as they are expressed in stable and robust levels in tissues and blood [36] [37] [38] . For example, Komatsu et al. [36] identified that a high miR-21 concentration in plasma was an independent prognostic factor in GC. Another study found that high expression levels of miR-20a, miR-25, miR-93, miR-130 and miR-155 in GC tissues appeared to be biomarkers for early diagnosis [38] . Substantial studies have shown that miRNAs can help diagnose early GC and have been associated with survival duration and the disease stage of GC as well as with tumor recurrence and metastasis. It is noteworthy that in our previous study, we systematically determined the expression levels of serum miRNAs in patients with GC and identified that miR-26a/b were down-regulated in GC patients [31] . Combined with the present study, we verified the lower expression levels of miR-26a/b in the serum and tissue of GC patients and further confirmed that miR-26a/b could inhibit the proliferation and migration of GC cells in vitro and in vivo. Whether miR-26a/b could also play a role as a biomarker for early diagnosis and be related with the survival of GC patients remain uncertain. A large number of patient samples in independent cohorts are required for further discussion. The potential clinical value of miR-26a/b requires intensive study to elucidate.
Overall, the current study provided new evidence that miR-26a/b are significantly down-regulated in GC and appear to function as tumor suppressors through the regulation of the HGF-VEGF signaling pathway. These results may help us understand the molecular mechanisms of GC tumorigenesis and suggest their potential as therapeutic targets of GC.
